Abstract # Shunt linear voltage regulators are still used in situations where other kinds of regulators are not advised. This paper explores a mechanism liable to induce long duration pulses (∼ 100 µs) in these devices, which is eventually demonstrated using a pulsed laser facility. Data issued from these tests helps to understand how the electrical network parameters as well as the non-idealities of the devices aect the characteristics of the transients. Finally, this phenomenon is investigated in similar structures with identical purpose.
1. Introduction ' The family of linear voltage regulators (or simply references, if the device is not designed to provide a high output current) is classically divided into two large subfamilies: Series and shunt regulators. The second family, on which this work focuses, are devices that set an accurate voltage value in a specic node of the circuit working in parallel with the load. It is recommended for low power systems, also if the power supply is higher than 40 V, and, nally, ! is useful when negative, limiting or oating references are required [1] . A typical example is the Zener diode ( sometimes focusing on total ionizing dose [8, 9, 10, 11] , sometimes on the single event transients (SETs) in these $ devices [3, 12, 13] . A recent paper [3] has investigated the characteristics of the SETs in a COTS (Commercial- and references [14, 15] . Some characteristics of the transients can be easily deduced. First of all, when the pass "' transistor goes to OFF state, the network becomes a typical RC network (From C to E in Fig. 2 ). Calling Fig. 2 ), the nal value would be
Then, the temporal evolution is:
with
From now on, τ will be called theoretical discharge time . Finally, another interesting characteristic of the transients 
In other words, the negative peak transient should be inversely proportional to the capacitor value. A similar $ conclusion, using more sophisticated models, was deduced and experimentally observed in series linear regulators $ [15] . with single photon absorption, 1 pJ ∼ 3 MeV·mg·cm −2 . This ratio has been conrmed by more recent works [14] .
%%
In conclusion, the equivalent laser LET is in the order of 180 MeV·mg·cm −2 . This value is not realistic but oers %& the chance to obtain repeatable transients on the oscilloscope screen. Let us bear in mind that the main purpose of LDPs were also investigated using SPICE simulations. The LM124A was simulated with a SPICE micromodel '% developed with the following three assumptions: First, the internal topology was that shown in a paper by Savage '& et al. [19] ; second, the SPICE transistors parameters were obtained from state-of-the-art tables, such as those found '' in [22] ; Third, the area of the transistor inside the bias mirrors were scaled to obtain the currents shown by the manufacturer in the LM124A datasheet.
Transients are emulated using piecewise current sources with a duration in the order of 1 ps, much smaller than the device response time. This micromodel has several drawbacks. First of all, there was not any signicant dierence between the behaviour of the PNP and the PMOS versions.
In both cases, the shape of the OU T signal was similar to that time, τ EXP , which must be equal to τ , obtained from Eq. 3. These procedure was repeated in all of the hundreds of measurements recorded at the laser facility. Sometimes, an anomalously large value of error appears due to one of these two reasons: First, the spontaneous appearance of oscillations, with an amplitude of 50-150 mV, superposed to the DC value (E. g., 3a). Second, the error increases if the exponential zone is too at (E. g., Fig. 3c ). Both ! values of τ are compared in Fig. 4 and the results of the linear t shown in Table 2 . Parameters corresponding to " the linear t of the 4.7-µF capacitor have wide error margins due to the worse quality of the original data, calculated # from exponential curves like that of 3c. Ideally, the predicted slope in the linear ts is 1 and the only divergence $ should be attributed to the tolerance of the discrete devices. Resistor can be easily measured with the 4-wire % technique to rene the calculation of τ so any remaining divergence must be related to the capacitor. According to Table 3 : 
In other words, positive peaks increase with τ
that both parameters aect the size of the positive peak as predicted by this simple approach. 
The most signicant characteristic of the long duration pulses is that they are much longer than other SETs.
#
The denition of duration in these transients is dicult. Sometimes, the transient does not fall smoothly to the #! DC value but shows a sort of damped oscillation. Therefore, for the sake of simplicity, the transient duration was #" dened as the rst time that the output signal crosses the DC output voltage after the positive peak (F in Fig. 2 ).
##
Recorded transients lasted for 40-160 µs and, in general, the duration increases with τ (Fig. 3) . built with discrete devices but those built in integrated circuits. However, there are some points such as the $ characteristic time anomaly, the strange behaviour of the negative pulse, etc., that must be carefully studied. impedance meter (Fig. 7) and are very useful to explain the odd characteristic of some transients.
$% First of all, let us remember that the Laplace transform of Eq. 2 is
An exponential phase factor related to the delay, T SW , has been removed for the sake of clarity. Eq. 6 oers two to those values issued from the experimental discharge time of the RC network (Table 2) .
%"
In the laboratory, it was determined that the highest collector current of the 2N2907 sample was ∼ 600 mA.
%#
Besides, we observed that, typically, the negative peak was reached 1.8 ± 0.7 µs after the beginning of the SET. regulators [24] . In other words, it does not matter if the regulator belongs to the shunt or series families. ' Besides, an interesting property of the simulated transients can be observed in Fig. 8b increases. However, this is not a general trend since, in other simulation, the behaviour is just the contrary. Further '! work is necessary in this research line since the value of V O,SW determines the size and duration of the LDP. '" As the ESR is a parameter that shifts as the capacitor ages [25] , these results also make one think that transients '# in voltage regulator designed to work for a long time in radiation environments will change as years go by due to there are other structures that can be also used to design blocks with similar features. A choice is replacing the PNP (PMOS) by an NPN (NMOS) transistor and changing the feedback loop to stabilize the device (Fig. 10) .
Apparently, this topology is sensitive to positive peaks at the op amp output, SENSE. A positive peak activates the NPN BE-junction leading to a sudden increase of I P , which discharges the capacitor. Another point to deal with is the fact that, in integrated circuits, the positive power supply of the op amps is usually connected to the regulator output. Thus, the shunt voltage regulator becomes a two-terminal device. Let us ! bear in mind that, in our experiments, the positive power supply was independent of the output of the device. This " strategy is not unusual and has been explored by other authors [13] . In the structure of can occur even with the op amp biased by the regulator output. Curiously, simulations show that transients are usually longer for this conguration. This is due to the fact that, in many op amps, the frequency response worsens as the power supply value decreases [26] , slowing down the op amp recovery. 
